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SYKOISIS 


An experimental investigation on wear and friction coeffi- 
cient cf materials like Tungstan Carbide and High Speed Steel is 
studied* The objective is to examine the possibility of superimpos- 
ing an external magnetic field while machining under hot machining 
conditions. Tungstan Carbide tool bits are rubbed against En-24 
steel, at various velocities. The influence of magnetic field and 
heating current on wear of Tungstan Carbide is studied. The results 
show that in a limited range of velocities and heating currents, the 
superposition of magnetic field and heating current is advantageous 
i.e* wear is reduced. The experiments also indicate that friction 
is getting affected by the heating current as well as the magnetic 
field* 

The present work also indicated that a criteria, for the 
range of application of magnetic field, as proposed by previous 
workers can serve as a guide line in deciding whether to apply the 
magnetic field to a particular situation, or not. 



CHAPTER I 


INTRODUOTIOH 


1.1 IMERODUOTIOH 

The Soientific Research Ccmmittee of the Organisation for 
Economic Co-operation and Development has defined wear as 'the pix)- 
gressive loss of substance from the operating surface of a body 
occuring as a result of relative motion of the svirfaces’ (l)« 

Depending upon the nature of surfaces, the environment and 
the demands of the particular situation wear may be considered to be 
tolerable cr devastating. The complexity of the problem has not 
rendered it easy to arrive at a comprehensive analytical solutim of 
general nature* Most of the efforts of research workears have gone 
in providing empirical solution to meet the needs of specific situa- 
tions* 

An important class of wear problems is the tool wear, speci- 
fically the cuttirg tool wear. Cutting tool wear directly determines 
the process capability as well as productivity of the machining ope- 
ration* As such, ihe problem has assumed a significant position 
among the problems facing the manufacturing industry. Several approaches 
have been takfen up to reduce the cutting tool wear in manufacturirig 
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industry. Wien machining high strength steels one of the successful 
techniques is to reduce the shear strength of the work material, 
locally, near the cutting edge* 

Wear studies have still not yielded any comprehensive set of 
laws basically due to the complex nature of the problem itself. Por 
instance , the wearing behaviour of a pair of interacting solids would 
in general be gcvemed by factors like : 

i) bulk properties 

ii) surface properties 

iii) material inhcmogenity 

iv) adhesion and diffusion characteristics of materials. 

Apparently, the friction between two rubbing surfaces can 
play an important role in the wear phenomenon but again there does 
not seem to be a clear relationship between friction and wear. In- 
creased friction need not always lead to increase in wear rate. 

1 ,2 REVIEW OE EBBVIOUS WORK 

1.2,1 Magnetic Field and Wear 

Metallic wear in the presence cf m^netic field seems to 
have been studied by a very limited number of researchers (2-1 o). 
Bagchi and Ghosh (2-3) showed that the flank wear of H.S.S. tools is 
considerably reduced when machining of mild, steel is done in presence 


of magnetic field 
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Muju and G-hosh (4-7) have carried out fairly extensive in- 
vestigations and their theoretical reasoning seems to be consistent 
with the experimental results obtained by several workers* They have 
concluded that the magnetic field, basically, influences the adhesive 
wear behaviour of the rubbing pair* And, the relative magnetic per- 
meability seems to be the predominant factor. The effect of magnetic 
field is seen through its influence on the mobility of dislocations* 
Their main conclusion is that in a rubbing pair the magnetic field is 
advantageous only for the body with lower magnetic permeability. 

Quite recently Radhakrishna (ll) has further studied adhesive 
wear in the presence of magnetic field* He has shown that the magnetic 
field apparently reduces the activation energy for diffusion at the 
high rates of strain encountered in machining and rubbing of solids 
at high speeds. He has further proposed a criteria vAiich delineates 
the region of operation in which the application of magnetic field is 
advantageous. The conclusion is that in a rubbing pair, magnetic 
field is disadvantageous for the body with the hi^er magnetic pe3> 
meability* However, the beneficial effect on the body of the lower 
magnetic permeability is also limited by the following criteria* 

Hardness of body of lower magnetic permeability v o,2 

Hardness of body of higher magnetic permeability^ 

Tb-is criteria is depicted in Rig. 1* In the present work 
■'■''’ability of ‘this criteria is examined for the cases of Tungs- 
3 En-24 steel and H.S.S. vs* En— 24 steel. 





Bross eqn. 4.9 b 


S. Steel 
i eqn. 4.9a 


/ ^ / /!✓ / ^ 


40 60 
,Ve(m/min) 




Magnetic field 
vdi^advantageous 




Fig. 1 Variation of hardeness ratio with velocity (Ter 
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1,2,2 Hot Machining and Tool Wear 

Hot machining is providing a premising line of approach for 
the machining of high strength, heat resistant alloys used 

in gas turbines, modem aircrafts ,missiles and rockets. 

The basic idea behind hot machining is to raise the tempe- 
rature of the workpiece close to the recrystallisaticn temperature 
in the vicinity of shear zone. This reduces the tendency of strain 
hardening* Shear strength of material is reduced with increase in 
temperature. Pig ,1 *1 shows the tensile strength of some steels at 
diffemnt temperatures. 

Almost all the investigations carried out so far on hot 
machining can be classified into three main categories i.e,, 

a) mechanics of cutting during hot machining 

b) tool wear studies in hot machining 

c) tool temperatures in hot machining. 

Barrow (12) claims an increase in metal removal rate by 200^ for a 
given tool life (Pig,1,2)« Tool life and tool wear in hot machining 
have been discussed in various other papers (23 j 24, 25), Por optimum 
tool life improvement, the selection of feeds and speeds is critical. 
Bamow (22) also found an optimum value of heating current for maximum 
tool life’. He has observed that vhile cutting En-23 steel at a speed 
of 350 f.p.m, any heatirg current between 75 to 175 amperes would 
result in an increase in tool life of at least 200^ (l'ig«i,3)f 



sfrenqtli TOOO p s 
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1,3 CEBJEC2IVB MD SCOHB OP THE HSESEIW WORK 

The discussions presented in the preceeding sections clearly 
reveal that the tool life can be increased if machining is done either 
in the presence of magnetic field or under the conditions prevailing 
in hot machining. Of course, the application of magnetic field is 
useful only if the tool is having lower magnetic peimeability than the 
workpiece. Since, H.S.S. and Tungsten Carbidef. tools are having lower 
magnetic peimeability than steels it is obviously advantageous to 
machine steels (including En-24) by these tools in presence of mag- 
netic field. 

Since 'hot machining’ also reduces the tool wear, a logical 
conclusion could be that if the magnetic field is superimposed durirg 
hot machining, the tool life can be further improved. If at all the 
combined effect would be additive, the temperature has to be below the 
curie point, to observe the effect. 

The intent of the present work is therefore to see if a low 
magnitude magnetic field as employed by previous' researchers , combined 
with a low magnitude current in hot machining would yield a satisfactory 
level of tool life improvement. If this would be achieved then it 
becomes unnecessary to employ high currents. The low magnetic field 
low current system would be more economical than the conventional 
hot machining process, employing high currents. 
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Anottier aspect examined in the present work is to find out 
how the frictioa between the tool (W and HSS) and the workpiece 
(Bn-24) gets effected both in the conventional hot machining case 
and in the magnetic field combined with hot machining caseo This 
could help to obtain some better picture about the relation between 


friction and wear 



CH/LraEH II 


2.1 lOOL lEAE IH mOHmUG 

2.1.1 Types of Tool failure 

The failure of cutting tools i.e., v&ien a tool ceases to 
function satisfactorily may be classified in three general types: 

Temperature failure ; 

■When the rate of energy input to the tip of a tool become 
too large, the tool becomes too soft to function properly and failure 
ensues. This type of failure occurs quite rapidly, and is frequently 
accompanied by sparking. 

Rupture of the tool point : 

Because of the hi^ hardness required, the sharp tip of the 
cutting tool is mechanically weak and brittle. Whenever the cutting 
forces exceed a critical value for a given tool, small portions of 
the cutting edge begins to chip off. 

G-radual wear at the tool point : 

When a tool has been in use for some time, wear may becomes 
evident in two regions. These regions are at the rake face and the 
flank; (Figure shown below). Usually, wear will first appear on tho 
cleaiance face of the tool in the form of wear la n d istoich extends 



11 


from the edge alozig the cleararce face. Wear also may be found on 
cutting tool face of the tool. Here the zone of wear does not extend 

to the cutting edge, but begins some distance from it. This type of 

\ 

wear is called cratering. 



2,1,2 Types of Tool Wear 

It is interesting to observe that inspite of the fact that 
enormous literature on wear is available, it has not been possible to 
enunciate a set of laws of wear. This is due to nature of phenomenon 
itself. The most commonly observed wear behaviour is that dxj wear 
will increase with increase in load and velocity. The wear rate is 
higher for a softer material and lubricant reduces the wear rate. 
Depending upon the materials and magnitude of parameters involved, 
wear has been classified in four main groups as: 
i) Abrasive wear 
ii) Attrition wear 
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iii) Adhesion wear 

iv) Diffusion wear 

Generally, at low speeds and low loads, the ab3JasiQn wear is 
predaninant viiile at hi^er speeds and higher loads, adhesion wear is 
predcaninant* At still higher speeds (and temperatures) diffusive wear 
can he significant* 

i) Abrasive wear : 

This is the fcm of wear occur when a rough hard surface, or 
a soft surface containing hard particles, slides on a softer surface, 
and ploughs a series of grooves in it. The iiiaterial from the grooves 
is displaced in the form of wear particles, generally loose ones', 

ii) Attrition wear i 

In cutting with hard and brittle tools if the flow of metal 
past the other metal is more irregular, less streamlined or laminar, a 
built up edge may be formed and contact with the other metal may be less 
continuous. Under these conditions larger fragments may be tom inter- 
mittently from the surface. Fragments are pulled away, with seme ten- 
dency to fractirre along the grain boundaries. This is called attrition 
wear. Attrition is not accelarated by high temperatures, and tends to 
disappear at high speed of metal as the flow becemes laminar, due to 
improvement in the plasticity of the material, 

iii) Adhesion wear : 

This is the form of wear which occurs, when two bodies slide 
over each other and fragments are pulled off from one surface after 
adhesion to the other body, later, the fragments may ceme off the su3>- 
face on which they are formed and be transferred bade to the original 
surface, or else form loose wear particles. 
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It) Diffusion wear : 

Solid state diffusion is a mechanism by which atoms diffuse 
from one lattice to another leading to a net transfer of matter from 
one body to the other one in the direction of the concentration gra- 
dient. This is possible, however, only vdien temperature conditions 
are favourable for atomic movement* Thus, if in the adhesion process 
localised temperature increases to a considerable level, interfacial 
diffusion can occur. 

Diffusion wear has been seen to be of a particular signifi- 
cance in the hi^ speed machining process. 

Wear has also been observed to occur due to fatigue condi- 
tions, fretting, corrosive conditions, etc. 

2.2 THERIVAI ASPECTS IE ISAB 

In the case of ideal adhesion, the strength of bonding at 
the point of adhesion is often so great that viiile attempting to free 
the surface , separation may not take place along the original surface » 
The bond might fail in such a manner that the fracture occurs in one 
of the bodies resulting in metal transfer and subsequent removal. 

The primary cause of this transfer, according to Burwell 
and Strang ( 13 ), Archard (U) ' , is due to the formation of 

welded junctions at asperities and their subsequent destruction. 
Burwell and Strang derived a relationship between wear volume w, 
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slidxng distance L and normal load U (for average normal pressure 
less than one iiiird of hardness of softer material) as 


w = C 


NI 


m 


( 2 . 1 ) 


where, 0 = constant, defined as the probability of atom removal 

= flow pressure of the softer body. 

For average pressure greater than one third of hardness 
PI 


h 


C 


( 2 . 2 ) 


m 


^ere , h = depth of wear 

P = average normal stress over the naninal contact area. 


The precise nature of the mechanism of particle rremoval is 
difficult to describe because in all probability a number of processes 
can take place simultaneously. However, under the influence of the 
temperature gradient and of stresses and concentration produced during 
sliding, atoms may diffuse from one material in the other causing 
corresponding increase or decrease in the weight concentration of 
the elements in the bodies. With this as on basis, the wear was 
found to be most approDcimately related as ( 15 ), 


where , u 
R 

e 


activation energy 
universal gas constant 
temperature of sliding 
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In terms of sliding -velocity 7 , the wear volume rate w as given 

s 

by Cook and Nayak (16) is 

V. HZ 
s 

H 

V U Z 

Here Z is known as wear coefficient. Equations 2.3 and 2.4 would 
give the adhesive wear rate for the corresponding body for a given 
set of conditions. 

2.3 EEEECI OF m&HEIIC PIEID OH WEAR 

In -the expression for wear rate w is given by 
Z N V 

w = ^ exp ( ^ ) (2.4.) 

where u represents -the activation energy for wearing process'. This 
equation can be written as 

to 2- . 1 (2.5) 

s 

If a wear experiment is conducted and In (w/V ) is plotted against 

o 

i/B the result should yield a straight line if wear machanism is 
that of adhesion. For a constant value of H and H the slope of 
the straight Tins is given by u/R. This procedure can in fact be 
used to check i) whe-ther the wear mechanism is throu^ adhesion 
and ii) to obtain the value of activation energy involved. 
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Using ihis procedure Eadtiakrishna (ll) has 3 recently obtained 
the results of actiYation energy, The results surest that the acti- 
vation energy for wear is less in presence of magnetic field by about 
9^» The results also showed that the activation energy involved is 
close to the diffusion activation energy of iron obtained at high 

strain rates (l?). On the basis of this observation the diffusivity 

can 

in presence and absence of magnetic field^be vahtten as 

D® = D exp ( /^e ) (2.6a) 

o 0 

= D exp ( "^o/R0) 2.6b) 

S 0 


In these expressions the subscript ’s’ indicates that diffusivity 
is estimated in strained condition. Swpefscripts ’H’ and ’o’ denote 
the presence and absence of magnetic field. It can be seen that the 
ratio of diffusivity is given by 



exp 


u - u„ 

( _o H) 

He ^ 


/ ^ U \ 

exp (— ) 


(2.J) 


Eor mild steel rubbing against brass with a constant load cf 10 Iqg, 
was estimated as 1450 cal/mole. Mu^u and Ghosh had 

earlier postulated that the ratio of diffusivity could be approxi- 


mated by 


s 




( 2 .^) 


f 
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where, 



exp 


* * » 
2V G X 

k“© 


(2.Sb) 



* 

V = 

* 

G = 

= 

K = 

0 = 


dislocation density with and without magnetic 
field 

velocity of dislocation with and without field 
activation volume 
shear modulus 

magnetostrictive coefficient at any temp. ©®K 
Boltzman constant 
operating temperature 


Equation 2.® was obtained on the basis of a simple arguement that 
magnetic field would increase the dislocation density and hence, the 
proportion of vacancies. Iheiefore at any point in the vicinity an 
asperity junction the diffusivity would quite probably increase. 

Ihen equation 2. 7 and 2.8 are plotted as a function of temperature, 

iiv\ 

it seems to be very close agreement to the magnitude of the enhance- 
ment of the diffusivity by magnetic field. Using this approach 
Eadhakrishna (ll) was able to postulate more strongly that the dislo- 
cation activity at the rubbing surface is an Important parameter in 
the wear phenomenon. Subsequently he predicted a criteria for the 
useful range of application of magnetic field as already mentioned 


in preceding chapter. 
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2*3. 1 Effect of Hot Machining on. Wear 

In metal cutting the cutting force (P^) in the direction of 
cutting velocity is the largest component* The magnitude of 1his 
force can significantly alter the cutting capability of a tool* This 
magnitude is mainly govdmed by the strength of the work piece* In 
machining the cutting force can be approximately calculated as 


viaere, 


Pg x= ua^b^ (2.8c) 

u rs energy/unit volume needed ( hardness of the mate 3 rf.al) 


in cutting 

= undeformed chip thickness 
b^ = width of the cut* 

Using Merchant *s force diagram an exact expression for Pg can be 
obtained* It can be seen that 


v*iexe, r = shear strength of the material 
p. ss shear plane angle 
= rake angle 
V) = friction angle 


(2';8d) 


Both eciuation 2*8c and 2.8d clearly indicate that Pg is a strong 
function of hardness and shear strength of the work material. Since 
heating the work piece would lower its strength* the magnitude of the 
cutting force would decrease* This would result in proportionate 
reduction in loading on the tool* 


19 


Under severe loading even carbide undergo plastic deformation 
( 28 ) • These tools are noimally hard but under cutting conditicais when 
the temperature and stresses are highj plastic deformation may cause 
loss of •fctm stabilily’ hence cutting ability, ils a result of the 
inadequate strength of top edge , the sharp cutting edge is deformed 
and often is 'rounded off A further flow of work material over the 
flank surface changes the clearance angle reducing it to zero or even 
negative for a certain portion of flank. The amount of bulging and 
depression of the cutting edge are taken as degree of plastic defai>- 
mation. Small particles periodically loosened from the effluent 
material and are carried away with the work piece-. However, in order 
to achieve 'form stability' j the condition is given as (28 ) 

Y 

^ 1 ( 1 -^®) 

where, Y s= yield stress of the tool material 
s 

( 7 ^ 5= yield stress of the work material 
Since the passage of current in hot machining is aimed at reducing 

, the ratio (y g/^:r's^ will actually increase. Therefore, it is quite 
possible that the form stability will be maintained (even improved) 
over a wide range of speed. In short the tool failure will be post- 
poned'. 

Also Yhile cutting hard steels using carbide tools the chipp- 
ing of the tool at the edge is observed (22 ). Hot machining will 
also reduce this tendency. Cutting a relatively softer material reduces 
the adhesion wear of the tool because the aspirity junction would fail 
more often on the side of the work piece. Of course , this depeinds upon 
the alloying properties of the material, in general'^ 
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2*4 TEJ/IEEBATUBE MEASUEB&EM'S 

The diffiemlty of calculating temperatures and temperature 
gradients near the edge, even for very simple cutting conditions, 
giv^s emphasis to the importance of methods for measuring temperatiire. 
Several methods have been used for measuring temperatures at the tool 
work interface* These are 

i) calorimetric method 

ii) tool-work themocouple technique 

iii) method of moving thermocouple 

iv) photographic technique. 

In the present worSc^ tool-work thermocouple has been used 
for measuring the interface temperature. This method employs the 
tool and work material as the two elements of the theimocouplo* The 
hot junction is the contact area at the cutting edge, while on elec- 
trical connection to a cold part of the tool foims cold junction* 

(in present case mercury bath). 

One end of the electrical cannecticn of the heating circuit 
and the thermal e*m.f. circuit are mating at the tool, there is dis- 
crepency due to alternating current (60Hz) vdiich will affect the ther- 
mal e.m.f. In order to suppress the a.c» ripples, a low pass filter 
has been designed and is connected in series with the thermal emi.f. 


circuit 
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2,4*1 Design of Pilfer Circuit 

Circuits viiiich select relatively narrow bands cxC frequencies 
and reject all others are called as i^sonant circuits'. Heactive net- 
works that will pass a relatively wider desired band of frequencies 
while almost totally suppressing other hands of frequencies are called 
filters, A circuit that allows only very low frequency to pass are 
called low pass filter. 

Since in the present work frequencies greater than 60 Hz are 
not expected, the low pass filter was designed, to suppress the fre- 
quencies below 60 Hz down to a designed value of cut-off frequency , .• 1 
0,03 Hz. 

Characteristic impedence of symmetrical network is an impor- 
tant factor in deciding the lower limit of frequency cut-off f • 

Iffihen the two arms of a T network are equal, the network is said to 
be symmetrical, as shown figure below 



1 2 


For a symmetrical network the image impedences and "^ 21 . 

be equal, Therefore the canditim to be satisfied for symmetry is 

(2,9) 


^1i = ^2i 
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This value of image impedence is known as characteristic 

impedence or iterative impedence Z • 

o 

Por a symmentrical T section network, total impedence is 


given by 



The reactance 





(2.10) 


and - 4-^2 will vary with frequency as sketched, 


o. 


Z/2 

'■W3W>- 


Z/2 


•o 




The curve representing - 4 Z 2 oay be drawn and compared with the curve 
for Z^* It has been shown from the Equation. 2.10 that a pass band 
starts at 1he frequency at which Z^ = 0 and runs to the frequency at 
which = - 4 Zg* Thus reactance curves show that a pass band starts 
at f = 0 and continues to some frequency f = f^ i.e. cut-off critical 
frequency. All the frequencies above f lie in stop or attenuation, 
band. This network is therefore a low pass filter. 


Z 


1 


3 00 


- 4 Z 

4 - .1 

60 
c 


(2.11) 



23 


where , Z ^ = 3 120 L 


then, 



f = 


77/ L C 


(2.12) 


The present network circuit has been maintained syranentrical such 
that the voltage drop between input and output is zero, which leads 
to no drop in d.c. nillivolts in the circuit. For a composite (con- 
sisting of several T section) low pass filter of resistance R 

ohms and cut-off frequency f , the values of the inductance and 

c 

capasitance can be calculated from the equations 


L = 


E 


2 7rf. 


0 = 


2frt R 
c 


Ror a given R and 1 the cut-off frequency f^ 
frCD Equations 2,15 and 2.14 


(2.13) 

(2.14) 

can be calculated 


E = / 

which will favour zero frequency for low pass filter. In the present 
work eight T sections have been used in order to minimise the total 
cut-off frequency. 


The values of Ii and C used in the present filter circuit 

are as 

L =s 15 henries 
C = 25 mfd. 
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Cut-off frequency is the3refore given by, 

= 4?^0 

_ — -3 _ 0*278 hertz 

4 TT X 25 X 13 

for eight T sections 

t =r 0.'0345 hertz 
c 

Since f^ = 0*0345 is a satisfactory cut-off value for our purpose 
the inductance and capacitance of values(l3 Henries, 25 nfd) are 
chosen* 

To test the usefulness of the circuit designed in liie present 
work, sanple test for teuperature was made and is shown in Figures 2*1 
and 2,2* It can be seen that tae circuit has eliiainated the a*c* 
ripples* Thus the temperature (d.c* e.Ei*f*) at the cutting tool point 
could be measured correctly. 








CHAPOEE III 


EXffiRIMENTAI IMVESTIGAPIOI 

3.1 EXIEBII\Emi EROCEDUEE 

3.1.1 Introduction 

Ho work on hot machining in presence of magnetic field seems 
to have been undertaken so far. In order to investigate the possi- 
bility of such machining the follovidng experiments were performed in 
the process of the current work. 

1 . Dry rubbing of Tungstan Carbide bits against En-24 steel 
in absence and presence of magnetic field. 

2. Dry rubbing of HSS pins against En-24 steel in the 
absence and presence of magnetic field. 

It was found useful to limit the work to the WC.- En-24 and 
HSS.- En-24 steel combinations primarily because the availability of 
seme data of previous workers and the practical significance of the 
problem, in manufacturing industry. 

In order to perform these tests following instrumentation 
was require ds 

1. Eesistance heating circuit 

2. Magnetic field circuit 
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3. Temperature measurement circuit 

4* Force measurement circuit. 

3.1.2 Instrumentation 

The block diagram of the experimental set up is shown in 
Fig. 3.1. Bncardio — Rite 3?ecoider was used to measure emf developed 
in the tool-work thermocouple and the forces developed in X , Y and. 

Z directions. Supply voltage of 5 volts, 50 Hz a.c. was used for the 
heating purpose. The a.c. heating current causes problems in measur- 
ing recording the emf (d.c.) developed at the thermocouple. Therefore, 
it was found necessary to design a low pass filter circuit to filter 
the a.c. ripples, as already discussed in Chapter II. 

A step down transformer having specification 220/5 volts, 

50 Hz, 3 KYA rating, was used to supply high alternating current upto 
600 amperes at 5 volts. A voltmeter 0-5 volts (a.c.) range was 
used to make sure that the secondary voltage of the step down trans- 
foocmer remains below the rated secondary voltage. To get various 
currents, the input to the transformer was varied by using a^Yariac' 
of 15 amperes capacity. 

A current transformer having the turns ratio 1000/5 , was used 
for supplying the required current. The secondary of the current 
transformer was connected to a 0 - 5 amperes range ammeter. 

* The heating circuit used in the present work was originally designed by 
Ghaudhry (30). 
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3. 1*3 Dymaacmeter Calibration. 

A three dimensional dynamometer (lebow Associates INCj USA)} 
used for force measurements was calibrated directly by applying loads 
on to the dynamometer* Encardio — Rite four channel recorder was 
used to record the forces developed due to loads at the tip of the 
cutting tool* The length of the over hang of the tool holder was 
noted and kept same for all the tests* With the tool holder fixed} 
calibrations in three directions were carried out • by changing the 
position of dynamometer* The calibration curves are shown in Eig* 3*2* 

3«1*3(a) Tool-work Thermocouple Calibration 

The thermocouple calibration for WC — En steel combination 
was done earlier by Sachadeva (20) using a standard Chroael Alumel 
thermocouple as a reference* The calibration curve is shown in Eig* 

3*2 (a)# In the present work the same calibration curve was used for 
the purpose of temperature measurements at the interface. 

3.2, EXEERIIEIITAI. HaOCEEURE 

The present work is mainly devoted to the experimental inves- 
tigation of wear of carbide and HSS , in the absence and presence of 
magnetic field and also to study the frictional behaviour over a limi- 
ted range of rubbing conditions. 

All the tests were carried out on a 10 H.P., H.M.T, IB-17 
lathe. The workpiece material was En-24 steel (1*5^ Ri - Cr - Mo 
steel) bar of 70 millimeter diameter. Throw away carbide tips (ST 3) 
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were used for rubbiiig experiments* These tips are suitable for 
machining Tarious kinds of steels under unfavourable condition of 
hi^ temperature* The properties of En-24 steel are given in Appen- 
dix (a)* 

To maintain uniform initial surface conditions the workpiece 
was machined by a suitable carbide tool and finished by 200 and 320 
mesh grade emery papers for all the experiments* The insulation of 
the tool and workpiece from the lathe was checked by Avcmeter* The 
recorder was used to record temperature and forces* 

The rubbing of carbide bits over En-24 steel was carried out 
for ranges of speeds between 32.5 m/min to 132 meters/minute at a 
feed of 0*05 mm revolution* Investigations were done for heating 
currents of 50,100 and 200 amperes. All these experiments were re- 
peated for the above speeds, feed and currents in the presence of 
magnetic field also. Ihenever the job was to be magnetised a sole- 
noid designed for the purpose, was energised* The solenoid was put 
in series with a D,C. power supply viiich was adjusted to 4 amperes 
current which can be safely passed through the solenoid* Wien the 
rubbing experiments were performed, the radial load was kept constant'* 
A new cutting edge was used for every different speed used* At the 
end of each test, the tool was cooled by blowirg a cold air jet at its 
tip* This was done to ensure that the tool tip is always at room tem- 
perature at the beginning of every rubbing operation as well as to 
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clear "the tool bit. The forces and temperature were recorded for 
further calculations. The shape of wear scar<Jlas elliptioal* (Pig* 3.4a). 

3.2.1 Subbing of H.S.S. Pins Over En-24 Steel 

SaiDe procedure as used for W bits was adopted for rubbing 
of H.S.S, pins against En-24 steel. A special tool holder was desi- 
gned for this purpose to hold pins firmly. The time of rubbing was 
adjusted so that the wear scar was of nearly same size in all the 
experiments. This was done to keep the order of error nearly same 
at the various measurements. The applied load was maintained cons- 
tant by means of a spring balance. Eor friction and wear measure- 
ments, the manner of contact between the pin and the workpiece was 
such that their axes were normal to one another as shown in Eigure 
3,3* The rubbing was perf corned at various speeds at a feed rate of 
0.05 mm/rev. for various heating currents. Same procedure was re- 
peated, in the presence of magnetic field also. The shape of the 
wear scar produced on the pins and carbide tip was generally ellip- 
tical. This is shown in Eigure 5 .4b . 

3.2.2 Measurement of Wear 

Wear measurements wejre done with the help ctf M£ 320 projectccr 
(Carl 2eiss optical projector). A constant magnification factor of 
100 was used for all the measurements cf 10 bits. The length and 
width of the elliptical scar were measured by incident light method^ 
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The widest field of application of ISB 320 projector in industry 
is to measure the profiles of the small workpieces, jigs and tools ~ 
such as templates, foim cutters etc., as well as tlie ground metal 
samples. The enlarged image supplies a great number of informations 
quickly and conveniently* The incident light method is applied for 
projecting the surface of an object. In such cases, the lightir^ 
fixtuare for incident light projection emits intense light to the sur- 
face to be checked. The enlarged image is projected through an opti- 
cal system to a ground glass screen. The line diagram shovdng the 
principle of operation of the projector is given in Pig .3*4. Impor- 
tant specifications of the ilP 320 projector used are given below, 
Magiiifications available xiO, x20, x50, xl00 

Distortion by objectives ^ 0,3°/oo 

Distortion by total device 0.5*Voo 

Diameter of projection face 320 mm 

Graduation interval of O’.Ol mm 

micrometer screws 



3'.3 EXEBRIMENTAI EESUITS AKD DISCUSSIOHS 

3«3*1 Rubbing of Tungsten Carbide Against En-24 Steel under Hot 
Machining Conditions and also in Absence and Presence of 
Magnetic Pie Id 

These experiments were performed to investigate the variation 
in wear and frictional characteristics under hot machining and magne- 
tic field conditions. General experimental set up is shown in Pig. 3*1 
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The solenoid was used to magnetize the job when the experiments are 
to be conducted in presence of the magnetic field* It was ensured 
throughout the experimentation that the tool holder and the dynamo- 
meter wrere firmly fixed and not disturbed* Only the tool bit was 
inserted and remo'vedj whenever required* This was done to ensure 
consistancy in the location of wear scars, on the tool nose* Also, 
each test was repeated three times. 


In this class of experiments the following measurements were 

made. 

Measurement of the length of wear scar and fricticn coeffi- 
cient, 

i) under conventional rubbing condition (without magnetic 
field (m) or heating the workpiece; I = 0, M = o) 

♦ 

ii) under hot machining condition only (l = l) 

iii) when magnetic field (m) is superimposed on the heated 
workpiece (l + m). 

In order to compare the various wear results it was found appropriate 
to use a constant radial load of 18 kg. This load was estimated in 
f allowing manner (Appendix-® ) . 

The measured results of wear and fricticn coefficients are 
presented in Tables 3*1, 3.2, 3.3, and their graphical variation shown 
in Pigs, 3*5, 3*6, 3*6(a), 3*7* 

The results on wear Pig* 3.5 depict the follojsfing behaviour: 

1* The wear rate (wear/unit time) is generally increasing 
with increase in rubbirg velocity, 

2. The wear rate is the highest in conventional case (l=M=o) 
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3* The application of the heating current to the v/orkpiece 
has in general reduced the vfear. However, the increasing 
current does not necessarily lead to decreasing wear rate* 
This can be more clearly observed from i'ig* 5»5. Pigs. 3«6, 
3.6(a) give the gain factor against speed and heating 
current. 

The gain factor has been defined in the same manner as by previous 
workers ( 4 , 5, 6, 11 ) and is rewritten as 

Vfear without magnetic field - wear in the presence of 
^ or current magnetic field curr ent 

Wear without magnetic field or current 
These figures show that for a particular velocity there is an optimum 
heating current which yields the maximum gain. This trend is seen 
for all the speeds investigated. This observation/trend is quite in 
line with the experimental results of Baacrow (12), in the case of 
machining . 

Barrow conducted machining tests on En-23 steel usmg Turgston 
Carbide tools and his results are shown in Big. 1.4. He observed that 
for the combination of materials investigated, the optimum range of 
current lies between 75 “■ 175 amp)eres. Of course, his results are 
obtained for cuttirg tests at a speed of 350 f.p.m,. and a feed rate of 
0‘ii08inch/rev. 

It can be seen from Big. 3.6(a) that the general trend in the 
gain curve is the same as obtained by Barrow in machining operation. 






lABIE 3.1 


Rubbing of Carbide against En.-24 steel 

Peed = 0,05 raa/rev Magnetic field strength = 250 Oe 

(M) 

— p_ ^ ____ 

Rubbing |jfear rate (length of Scar/unit time) 5 Wear rate (length of Scar/unit time) 
velocity | 1*0 J M = M 

X imn/iain. | mm/iain* 

m/min | 1^0 1,^50 1=100 1=200 | Igp 1=50 1=100 1=200 


34 

0.1711 

0.1420 

0.1166 

0.1520 

0,1642 

— 

0.1075 

— 

47 

0.2100 

0.1620 

0,1405 

0.1770 

0,1733 

0.1407 

0,1380 

0.1820 

84 

0,2752 

0,2048 

0.1862 

0.2505 

O. 23 I 8 

0,1780 

0,1740 

0,2308 

103 

0,2893 

0.2388 

0.2250 

0,2835 

0.2562 

0.2150 

0.2060 

0.2680 

iro 

0.31-35 

0.2734 

0,2520 

0.3150 

0.2600 

0,2526 

0.2390 

0.2750 








TIBJ7S 5 .2 

Riibbing of Carbido aga±tis'i: En-24 steel 

Peed Or 05 Ti7)/xQ~r Ifegnetic field strength. ,2fc:250 Oe 


- 'I '^*^0*^*''' IT 

? Gain Pactcr 

Eubbing | *0 

Yelocity I when magnetic field is zero 
\ 

it I amperes 

i 50 100 200 


Gajn, Pabtor = 


0 I+M 


■* "n 

5 ° 

I yhen magnetic field is applied 
} I amperes 

j[ 50 log 200 _ 


34 

0.170 

0.321 

0.1116 

— 



47 

0.2285 

0.3305 

0.1571 

0.33 

0.342 

0.133 

84 

0.2558 

0.3471 

0.09 

0.3534 

0.3677 

0^1613 

103 

0.1745 

0.222 

0.0207 

0.2568 

0.287 

0.0736 


130 


0.1416 0.2087 0.009 


0.2018 


0.2475 0.044 


Work material 
Tool material 
Feed 



EN 24 Steel 


0.05 mm /rev. 


= 0 + M 
= 50 + M 

= IOO + M 
= 200+M 


= 0 
= 50 
= 100 

= 200 


M=0 


Rubbing veloeity m/min. 

Vijrioti^n of coefficient of friction with 
veiocity.at different currents, and 
magnetic field 






TABIE 3.5 


Values .^of coefficient of friction between En-24 steel and TG bit 


rubbing 

Telocity 

Vs 

m/min 

Overall coefficient of 
/tA, (field = O) 

I amperes 

0 50 100 

friction 

200 

Overall coefficient of frictionj 
(when field is applied) 

I amperes 

0 50 100 200 

34 

o.ssao 

0.8513 

0.8035 

— 

0.983 

0.9415 

0.8876 

0«8486 

47 

0.8154 

0.8160 

0.8034 

o;7293 

0.8936 

0.9133 

0.8865 

0,8280 

84 

0.7785 

0.7918 

0.7767 

0,6570 

0.7850 

0.7198 

0,7840 

0.7836 

103 

0.6230 

0.7325 

0,6542 

0.6084 

0.6540 

0.8132 

0.77785 

0.6774 

130 

0.5193 

0.4964 

0.4622 

0.4248 

0.7394 

0.7032 

0.7238 

0.6339 
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However, iib.e presence of magnetic field shifts these curves to a hi^er 
gain value. 

AgaiUj the gain factor does not show a unidirectional increas- 
ing trend with rubbing velocity. Actually, the gain seem to be maximum 
for a speed of about 60 - 84 m/min(and current of 75 - 150 amperes). 
Thus, it appears that there is an optimum range of both speeds and 
heating currents in T/iiich hot machining yields best results. 

Presence of magnetic field seer::s to create only a general 
shift towards higher gain and the optimum speed and current remain 
unaffected. Prom the gain (and wear) curves another important obser- 
vation is that a heating current of 100 amps is almost as effective 
in reducing the wear as a current of 50 amperes applied in the presence 
of magnetic field. This is an important result as it can result in 
considerable savings. As an example, the po'jver consumption in the 
cases can be compared, as shown below 


Magnetic 

field 

Electric 

current 

V oltage 

Power consumed 
by electrical ckt. 

Savings in 
Electrical 

strength 

M Oe 

amperes 

I amp 

Volts 

YI volt aaperes 

power 

0 

I = 100 

2.0 

100 X 2.0 = 200 


250 

1 = 4 

10.0 

10 X 4 

= 40 



I = 50 

1.2 

50 X 1.2 = 60 

100 

200 




Total 

= 100 

= 50^ 


* Magnetising current throu^ solenoid 

t 
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Th.us f while heatirg current of 50 amperes and magnetic field 
of 250 Oo is as effective as a heating current of 100 amperes , these 
calculations show that for the former case there is actually a savirg 
of electrical energy of about 5C^* Also, it is seen that a heating 
current of 100 amperes in presence cf m^netic field is better than 
a heating current of 100 amperes only* Therefore, for the case under 
investigation, it would be mere advantageous to superimpose magnetic 
field on the heating current cf 100 amperes to have further improve- 
ment in wear life of the carbide tool. Since in the present case the 
application of magnetic field is superimposed ever the heating current, 
it is of some interest to estimate gain w.r.t. the hot machining case 
itself. This is shown in Pig. 3.7(a). In this figure G^^^ 

represent the gain factor at 50 amperes and 100 amperes. Gain factor 
G itself being defined as 

(wear in presence of - (wear in presence of heating 

g. heating current) current and magnetic field) 

wear in presence of heating current 

As can be seen from this graph for a particular current the magnetic 
field seems to be more effective, at lower velocities and the effec- 
tiveness decreases as the rubbing velocity increases. This behaviour 
can probably be explained with the aid of Pig, 3»8, This figure shows 
how the intensity of magnetisatiai reduces with increasing temperature. 
At a temperature of 9^ curie point (= 770° 0 for steel) the intensity 
of magnetisation reduces to zero. The fall is however, quite slow 
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and even at a temperature of © » 0.9 9^ (= 665.7'’c) the intensity of 
roagnetisation is reduced only by half. The intensity of magnetisation 
M, varies with temperature as 



9 x4 


- (“ ) 
^9 * 
c 


3.1 


where 


M = Intensity of magnetisation 

= Jilaximum intensity of magnetisation 
9^ = Curie temperature (°K) 

9 s= Operating temperature ( K) 

In order to examine the 0^^ ^100 ^ I'ig. 3.7(a), the following 

calculations are done.. 

let ^ be ■ defined as the effectiveness factor of mag- 
netisation. Then at any current and speed, Yi would be influenced 


V 


by the temperature, 
portional to strength 

^50 ® 100 * 


If it is assumed that it would be directly pro- 
of magnetisation, Eq. 3.1 can directly approximate 


Table 3.4 shows the calculations of for the recorded tem- 
peratures of rubbing experiments for various speeds. The calculated 
of are plotted against the rubbing velocity in 

Eig. 3.7(a). 


It can be seen that the trend of fall of and is 

50 50 

rather similar. This closeness indicates that the variation in 

50 

7/ith speed is also, quite likely, primarily due to the variation in 
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the intensity of magnetisation (or illso the fall in is 

I 100 

sharper than Ihis can be sinply explained by the existence of 

higher tenperature in the case of I = 100, than in the I = 50 case. 
The slope cxf the curve of cjagnetisation (or effectiveness factor) is 

3 

proportional to 9 • So higher teraperature would yield hi^er rate 
of fall* So curve would be sharper than curve. 

As already discussed in Chapter II, the wear of cutting tools 
occurs at rake and flank faces, essentially as a consequence of 
rubbing. 

The present series of experiments, have identified that the 
range of speeds vshere hot machinirg is effective is roughly the sane 
for both pure rubbing as well as machining where shearing is a predo- 
minant factor. The close similarity in the trend of the gain factor 
leads to a probable conclusion that in order to test tool life, it 
nay not be necessary to conduct full scale cutting tests over the 
entire range of cutting parameters. Ik-operly conducted rubbing tests 
are enough to arrive at the necessary observation, in the first 
instance. Outtiiog tests in the range of interest can be conducted 
after the prelininarly rubbing tests have been conducted. This would 
lead to considerable savings in material and tools. Chip removal 
would also be a less significant problem and machining utilisation 


would be better 









9 Fe 
O Nl 


0-4 0*6 0-8 


Fig, 4*® Temperotui-e Dependence Of 

: , Spontaneous Mognetisation (101). 


* *1 '1 , ' ' ' ' I ' ' f ' ' " I ' ' I , ' ' I ' ' 
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It is interestiiag to see that the trend in the gain curve with 
the rubbing velocity, in the present work is similar to the trend obtained 
by previous workers by the application magnetic field* The reasons for 
the particular trend, in the presence of magnetic field are already pos- 
tulated by Muju and Ghosh (6j7)» They have been able to explain almost 
all the experiments, based on their model* It is believed that the same 
mechanisms are operative in the present case also* Of course the inter- 
face is at a higher temperature, due to the application of the heating 
current . 

It is suggested (12) that the application of the electric current 
to the cutting process, creates a thin layer of easy sliding material*' 
This reduces the thickness of the secondary ‘ deformation zone, and also 
the strain hardening* But yhen the electric input goes beyond a certain 
limit, the tool chip interface temperature, is raised, and a point is 
raised vto.en the increased temperature assumes greater Importance than the 
reduction in cutting effort and tool life decreases* 

Since the rubbing tost as dene in the present case , simulate 
the conditions at the flank, the flank wear in cutting is expected to 

indicate similar behaviour, since n where T is tool life 

0 

and © tool chip interface* 

In the present work sparking was observed vhen a current of 
200 ampere was used* Due to the sparking there was pitting and the tool 
wear was high even with the application of magnetic field* This case 
was not pursued enough as the wear scar itself was not very consistent# 


4 ^ 


TABIE 3«4 

Curie Temp. 6 (steel) = 1043°K: IoqX 

V 5 

Magnetising strength (m) = 250 Oe work! EH24 

mateirial 


Rubbing 

velocity 

V 

s 

®I+M 

0 

K 

6^ 11 

I+M X 10 

11 

^+M 

” 4 

& 

c 

m/min 

1=50 amp 

• 1=100 amp. 

1=50 amp. 1=100 amp. 

1=50 amp. 

1=100 amp 

34 

703 

723 

2.442 2.732 

0.793 

0.768 

84 

818 

893 

4.477 6.35 

0.621 

0,462 

130 

933 

1013 

7.577 10.53 

0.358 

0.108 

TAB3E 3.4a 


Values of gain factor with magnetic field and current Tool : 1C 

Feed 0«05 mm/rev Magnetic field strength ,ML=250 Oe^Work s EE24 

material 


V 

s 

(m/min) 


Sain factor & 

I = 50 amperes 

= ^ ’i - vm ) y\ 

I = loo amperes 

34 


0.1358 

0.0780 

84 


0.1308 

0.0655 

130 


0.0760 

0.0515 

- 

wear rate 

in hot machining 


MT _ 

I+M " 

wear rate 

in hot machining 

in the presence of magnetic field! 


1.1. T. Kf f'FlW 
CENTK'/M ' i"R»RY 

55151 


to*' 
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3,3.2 Friction Measurement Hesults : 

The results of friction coeff icient, yU (Fig. 3 . 7 ) depict the 
following behaviour: 

1. The friction coefficient is decreasing with increasing 
rubbing velocity. 

2. The friction coefficient is further decreased with heating 
current and rubbing velocity, 

3. In the presence of magnetic field, the friction coefficient 
is increased, 

Mechanisn of friction in rubbing is generally explained by the Bowder 
and Tabor model, Accordingly, the frictional resistance F is defined 
as 

F + P 3.2 

where 

= shear stress required to rupture weld 

A = real area of contact 
r 

P= plowing component of friction force. 

If ET is the applied load which develops an area of contact , then 
coefficient of friction is written as 

F T P , , 

where N = A H 
r 

The reduction in friction coefficient with velocity can be 
explained in the following manner: 
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The order of decrease of coefficient of friction should be 
coiiiparable to the order of decrease of shear strength with tenpera— 
ture« At Tery high sliding speeds where high values of surface tempe- 
rature result j friction coefficient vd.ll decrease with speed due to 
the decreased shear strength of the metal. 

However, Equation (3.3) shows that the variation in coefficient 
of friction is primarily equal to l^hile both ^ and H are 

measures of the flow stress of metal in shear 'X” pertains to the sur- 
face while H involves the metal in greater bulk. If the system is 
heated 'T and H will decrease. However, the temperature rise that 
results from increased sliding velocity is mainly on the surface and 
steep temperature gradient will exist from the surface inward. There- 
fore, % will decrease considerably more than H, so that the overall 
effect of speed (temperature) is to decrease coefficient of friction. 

For En steels the overall fall in '~C (derived from tensile 
strength) frcQ a temperature 240 C (34 m/min) to 700 C (130 m/min) 
is 52^'^. The fall in the measured value of ^ in the present case_ 
is 51.1^. The overall effect of speed on yix is therefore evident. 

3,3.3 Effect of Magnetic Field on Coefficient of Friction 

As shovsn in Fig, 3,7 the application of magnetic field has 
increased the coefficient of friction, under both the conditions i.e,, 
when n'o. heating current is applied and when heating current is applied. 


^Table 3.5a 
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The liriited experixiental result of previous workers did not 
indicate any change in the cutting forces by the application of nag- 
netic field. This was interpreted as not affecting coefficient of 
friction. Ib is iiiuerestiig j however j to see that the friction co- 
efficient is cor*sistently higher at all speeds in the present rubbdng 
tests. It is difficult to explain this behaviour particularly rvhen 
the higher friction coefficient is existent along vath reduced wear. 

3.4 EUBBIIG OP H.S.S. PISFS AGillHST En-24 STEEI 

3.4.1 Rubbing of H.S .S. Pins Against En-24 Steel under Hot 

Machinii'ig and in Presence and Absence of Magnetic Pield 

These experiaents were perfomed to conduct liieited investi- 
gation of the wear (and friction) behaviour of H.S.S. tools in nachin- 
ing. The experimental set up is shown in Pig. 3 .31. The H.S.S. pins 
■were ground fraa a commercial H.S.S. tool of square cross-section in 
shape . The grind! rg was done on the lathe ^ using a special grinding 
attachment. The experimental procedure was same as discussed in 
Section 3*2.1. 

The results of wear and frictim experiments are presented 
in Tables 3.5, 3.6, 5*7, and the trend is shovm in Pigs. 3.10, 3.11, 
3 . 12 . 

The results on wear Pig. 3.10 depict the following behaviour: 

1. Wear rate (wear/unit tine) is generally increasing with 
increasing rubbiig velocity. 


* However, no temperature measurement was done in this ease 
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2. Hb wear rate I 3 higher for all the values cf current 

(50 to 200 anperes) , than in the case when no current is 
applied, 

5. The application of heatiog current increases the wear rate 
of H.S.S, pins. However, there is sone decrease in the 
wear rate by the application of nagnetic field. 

It is therefore observed that gain is always negative with the 
application of heating current. However, the application of nagnetic 
field iuproves the situation. And, gain factor is positive when rubb- 
xng is done only in the presence of aagnetic field (no heating current). 
Since the application of nagnetic field toH.S.S, in cutting or rubbing 
of steels has been already found to be advantageous, by several workers 
(4 - 11 ) it was not necessary to repeat this aspect any further here. 

The real purpose of perforaing these tests was basically to 
investigate how the application of nagnetic field would affect tool 
life (of H.S.S. tools) when heatirg current is also applied. The 
results obtained, in these experinents indicate that it is not at all 
advantageous to perfoin hot nachining using H.S,S. tools. The appli- 
cation of heating current increases the wear. This problen was not 
pursued further in the present work because of its obvious practical 
inapplicability to machining and could not fom. a part of the present 
work. However, it is interestirg to observe that the application of 
nagnetic field is leading to reduced wear in all the cases. 



rubbing temperaturi 
nee of magnetic fie 








fcasuieaent of Tenperature (iC Ys El 24-) 
(Magnetic field strength) M = 250 Oe 


T?nh'h i'n g | Temperature ti centigrade | Tenperature in centigrade 
■velocity | ~ ^ I (when magnetic field is 

r/nin ■ 5 


34 


5 applied) 


I=50_ 

1=100 

1*200 

1 1=0 

1=50 

1=100 

■'I=2( 

380 

430 

460 

250 

430 

450 

490 

430 

460 

545 

290 

510 

520 

545 

460 

510 

580 

350 

545 

620 

660 

480 

530 

660 

360 

620 

660 

740 


Hi 

K; . 


5 1 0 545 7C0 


380 660 740 780 



TABIE 3.5 


Rubbing of H»S.S, pins against En-24 Steel. 

Peed : 0.05 nm/rev Magnetic field strength M-250 Oe 

I Wear rate nm/min ( length "cf 5 Wear rate iran/min (length of Scar/ 
Rubbing I Scar/unit time) !i unit time) when magnetic field 

velocity? I is applied 

Ys SM = 0, I = amperes 5 M = M I = amperes 

m/m-ir. I 0 100 200 I 0 100 200 


34 

1.96 

3.866 

5.08 

1.842 3.033 

3.80 

84 

2,28 

4.6433 

5.525 

2.076 3.9633 

4.246 

130 

2.563 4.97 

5.96 

2.394 4.525 

4.7825 


TJfflIE 5.5a 


Velocity Temp* 

m/min Pig* 3*9 


Tensile strength 


r 



Ref. ''29) J'ig* 3.7 

kgf /m " 


34 240OC 92 

(l=0,M=0) 


130 700°0 45 

(l=200,M=0) 


0.8820 .52^ 

0*8820*«^0<ji424'8^^-j 

0.4248 





TA3IE 3*6 


Rubbirg of H.S.S. PiIl^ Against En-24 Steel 
(Gain factor, g) 

Peed = 0.05 mni/rev Magnetic field strength, M = 250 Oe 


Rubbing 1 ¥ - W f ^ M 

velocity, Gain factor = — I Gain factor = ■ 

Ta : i ®o 

m/min. ! when magnetic field is zero H when magnetic field is applied 

} M = 0, I amps. I M = M , I amp* 



34 -0.9724 -1.5918 0.04032 -0.5474 -0.7387 
84 -1.0311 -1.4168 0.1577 -0.7337 -0.8573 
130 -0.939 -1.3253 0.1836 -0.7655 -0.865 






lABIE 3.7 


Values of coefficient . of friction tet^reen 
En-24 steel and H.S,S* pins'. 


5 — — I 

Rub'biiF 5 coefficient of fric- | Overall coefficient of 

velocity 5 (when field is zero) | fricrbion, /E^-Cvdien field 

Yg 5 I is applied) 

n/nin. j I araps. | I aaps. 



J„_° 

100 

200 

5 0 

5 ° 

100 

200 

160 

0.4 

0,29 

0.216 


0,315 

0';357 

400 

0.395 

0.281? 

0.2 


0.375 

0.3644 

640 

0.35^ 

0.245 

0.175 


0,335 

0.338 


63 


It is to be nentioned that Radhakrishna (ll) conducted rubbing 
experii-ients on nild steel against stainless steel and brass. His 
work predicted that magnetic field will be adTantageous only if the 
following criteria is satisfied; 


X (Mechanical 


Interaction factor) = 


!ek) 


> 0.2 


where 

^11(0) ~ Hardness of body II as a function of teriperature 
(lower pemeability) 

^^1(0) ~ Hardness of body I as a function of tenperature 

(higher pemeability). 

He has found this criteria to be satisfied for stainless steel and 
brass, rubbing against nild steel. On the basis c£ this criteria 
he has also predicted that the application of magnetic field should 

Steol 

improve the machinability of^using^Sungstan Carbide and H.S.S. tools. 
The case of H.S.S. tools cutting, rubbing against mild steel has been 
investigated by G-hosh and Bagchi (3) and their results are in consis- 
tent with this criteria, Rig. 3 •IS shows the ratio of hardnesses of 
WC, En steel and HSS, Obviously A> 0*2 at various temperatures. 


Themfore the present work further strengthens the earlier 
criteria, as it is seen that fcr all the cases of Tungstan Carbide 
rubbing against En steel, the gain factor G is positive, while 


On the basis cf Ihese experimental findings it is strongly 
recaxiended that machinirg tests be done to establish the exact range 
of advantage of magnetic field in hot machining. 
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3‘.4«2 Friction Measurements of HSS Against En-24 Steel in 
Presence and Absence of Magnetic Field 

As in the case of Wi tools jfriction coefficient was measured 
for HSS against En-24 steel also. Fig, 3.12 shows the -variation of 
Yixth. various parameters. As can be seen from the figure the 
following trends; 

1, frictioa coefficient is highest for conventional case 
(l Z= 0, M = o) 

2, friction coefficient is decreasing with increase in rubb- 
ing velocity 

3, friction coefficient is further decreased with increase of 
heating current 

4, in the presence of magnetic field the friction coefficient 
is increased. 

The variation of friction coefficient with speed as observed 
in this case is quite similar to that of W and has already been 
explained in Section 3.2.4. 

There seems to be however, no easy explanation for increase in 
friction coefficient with magnetic field. No wcrk seems to have been 
done on the effect of magnetic fielh on friction. In the present ana- 
lysis it may be argued that magnetic field would strengthen the adhesion 
between the workpiece and the tool, Rabinowicz (18,19) has shown th 
the coefficient of friction between two sliding paar can be given by 




(3,4) 


cr~ _ 

r 2E , cot © 

[ ab 

y ! 

L ^ J 


vdiere, = shear stress at the interface 

= flow pressure of the soft metal 
r = indented radius (of asperity) 

© *s "base angle cxf a typical asperity. 

In this expression is defined as the work of adhesion. It would 

he of interest to investigate how sensitive the work of adhesion is to 
the magnetic field. Par, if E , gets increased hy the application of 
magnetic field then, coefficient of friction should also increase. 

This would be an important problem worth further study. 

There could be another possible reason for increase in fricticn 
coefficient with magnetic field. The reduction in wear of the cutting 
tool in presence of magnetic field due to more frequent failure of 
asperity junctions on the side of work piece (5,7). Such a situation 
is likely to result in relatively rou^ surface, hence greater me chan ical 
inter loc king of asperities. This could increase the coefficient of 
friction. However, more specific experiments are desired to be done in 
this direction, before any definite reason can be given. 
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3*4*3 Accuracy Calculatiois : 

i) I'ctrce lyfeasurements (Eecording) 

In tbe present experiments the lowest sensitivity used on the 
recorder is 0.005 v/cm. At this sensitivity one divisiaa on 
the chart represents 1 ]sg force. Ihe nearest division iise 
can read from the chart is 1/2 division and average no. of 
divisions representirg the force was approximately 18 divisions* 

i 

Therefore, possible percentage of error = ^ 100 = 2.78^^^ 

ii) External f crce applied (by spring) 

spring constant of the spripg was 0.4 kg/mm 
The relaxation in the spring due to wear of pin or tool is very 
small. Even the depth of wear is 0.25 nm the relaxation would 
be 0.1 kg in load. Therefore, this represents a percentage of 
error. 

0 1 

Percentage of error due to spring = x 100 -eC 1% 

iii) Wear Measurements 

The accuracy in wear measurements can be analysed as follov®. 

^The min-irmim distance on the projector screen we can measure, 
is 0.01 mm. (i.e.) least count on the micrometer'.' 

Average length of wear scar of WC = 0.3 nan 
Average length of wear scar of HSS pins = 2 mm. 

Therefore , 

Percentage drror for WC = x 100 = 3^ 

Percentage error for HSS = x 100 = 0*5^ 
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CONCIiUSIONS AKD SUGGESTIONS EOR FUTURE WORK 

Application of magnetic field reduces the wear cf tungetan 
carbide tools. 

Superimposition of magnetic field cm heating current is advan- 
tageous for a current of 50 and 100 amperes. Gcmbination of 
50 + Magnetic field as effective as 100 amperes. 

The present work has idmtified the speed rarge and current 
which give the maximum gain of the tool. More cutting tests 
should be dene in these ranges to establish usefulness in 
industry. 

The rubbing wear results indicate the application of magnetic 
field is quite useful in hot machining. However, this aspect 
should be further analysed in this direction. 

It is seen that wear rate does not increase with coefficient 
of friction. In fact it is seen that the wear rate is inver- 
sily proportional to coefficient of friction. It is interest- 
ing to see that TcmlinscHa's (28) hypothesis at molecular level 
and also predicts that wear rate is inversely proportional to 


friction coefficient 
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6» Prictian. and wear is an important aspect of breaking systems* 

Generally ; at high speeds the coefficient of friction is seen 
to be reduced. The reduced coefficient of friction is also 
associated with increasing wear rate. It is interesting to 
observe that in the present study, the coefficient of fricticoa 
is seen to be increased by the application of magnetic field* 

And, such increase in friction is not limited to low speeds'* 

Even at high speeds, coefficient of friction is increased by 
magnetic field. And, the wear rate is not increased* In fact 
it is decreased* This is evidently a great advantage and can 
be applied in breaking systems, with obvious advantage of higher 
friction coefficient with reduced wear. It is strongly su^ested 
that series of experiments be conducted on the standard breaking 
materials vhich are magnetic in nature. This would be of imme- 
diate interest'* 

The present experimental set up doesnot strictly speaking 
permit to keep the load or nominal stress constant. Since the objec- 
tive in this work has been to compare the same situation under the 
influence of mjgnetic field, this aspect is not very significant. 

However, to obtain more correct results individually it is desirable to 
have both normal load as well as nominal stress constant for a particular 
test. Eor this purpose a sli^tly different set up is required vshich 
should employ a dead weight through a lever mechanism. Also the material 
to be tested should be given same shape as rubbing surface (i.e* cylinder)* 
Such studies vjould confiim the range of loads/s tresses in vhich m^netic 
field is applicable* 
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APIEEDIX A 


(i) . Properties of En--24 Steel 

Uaainal ccmposition (3) t 

C, 0.35-0.45; Si, 0.10-0.35; Ma, 0.45-0. 70; 

S, 0.50 max ; P, 0,05 niax ; Ni, 1,30-1.80; 

Or, 0.90-1,40; Mo, 0.20-0,35 

^ensile strength tons/sq.in.min s 50 (softened condition) 
Brinell hardness No. : 223/277 (softened condition) 
Machinability; Approximately 33% of mild-steel 

(ii) » Properties c£ Carbide lool Material ; 

Composition {%) 

WC, 0,76; Co, 0.08; TaC, 0.04; TiC, 0,12. 

Abrasion resistance s Low 
Impact resistance ! High 
Crater resistance : Hi^ 

. -6 

Young's modulus s 90 x 10 psi 

Rockwell Hardness ”A" 

Scale i 92 

Hot working tempera : 

ture Retains hardness upto 1000®G 

approximately. 


APPEHDIX B 


The req.u.ired noriaal load N to be applied for the workpiece 
to be just under - plastic deformaticn at the tool work interface was 
roughly estiraeated as follows ; 

The contact zone between the cylindrical workpiece and the 
nose of the tool bit would be elliptical in shape and of area A 
A = ab 

where, a,b are the semi-axes of the ellipse. 

Also, for small A, 2 e^ 

2 fS 

radius of liie workpiece 
depth of indentation 
nose radius of tool bit 


where - 


b 

E = 

g. = 
f = 




Therefore , 


2 X 




/ nf 


V\ 

Now, f = 1 .58 mm (for standard tool nose radius = 

R = 70 mm (for the workpiece used). 

Ihen the tool job interface was just loaded (radially) enough to ini- 
tiate the plastic deformatioi of the wcrkpiece, it was seen that 

a Cf 0.105 mm 


Therefore, from equation 




a 

2R 


0.105 
2 X 35 


= 1.575 x 10" 


mm 
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Cl Z f ^ 25 x 10 -®m.^ 

b *005 Ma 
A = 0.0735 

Thus the force U required to create -this contact area of A 
N = A. H 

= 0.0735 X 250 = 18.375 Isg 

In the test a load of 18 l5g. was found to be quite appropriate j to 
be used. 


